Background: Health benefits of physical activity (PA) and physical fitness (PF) are reasonably well established, but tracking studies of PA and PF in childhood have not ordinarily considered the role of motor coordination. Objectives: To compare the growth status, gross motor coordination (GMC), PA, and PF characteristics of children at 6 years of age relative to aerobic fitness (fit, unfit) and PA (active, sedentary) at 10 years. Methods: 285 primary school children (142 girls, 143 boys) resident on the 4 main Azorean islands, Portugal, were measured annually (in the fall) from 6 to 10 years. ANOVA and t tests were computed with SPSS 17. Results: Children with either high aerobic fitness or with high level of PA at 10 years of age tended to have a more favorable profile at 6 years compared with those with low fitness or low activity, respectively. Children who were both fit and active at 10 years of age had a more favorable activity and fitness profile and had better GMC at 6 years compared with children who were unfit and sedentary. Conclusions: Results highlight the need to consider not only PA, but also PF and GMC in health promotion through the primary school years.
Childhood is an important window of opportunity for the development of physical activity and fitness behaviors as children learn and consolidate movement and social skills, learn to interact with peers and make choices that can influence behaviors later in life. 1 Contemporary thinking in public health holds that physical activity (PA) and physical fitness (PF) influence health status during childhood and adolescence, and is associated with a reduction in risk for several chronic diseases through adulthood. 2 It is generally assumed that children who are more physically active and physically fit will become physically active and physically fit adults. This has prompted regular calls for intervention programs to improve PA and PF in childhood and adolescence. 2 Successful interventions should be grounded in the context of the PA and PF of children and also in available information on the tracking of both variables. [1] [2] [3] Information about the dynamics of change in PA and PF during childhood provides knowledge about their stability and permits the identification and prediction of potential determinants that may be useful in the implementation of preventive measures. 3 Indicators of PA and PF track moderately during childhood and the transition from childhood into adolescence. Several factors influence the magnitude of tracking coefficients, including the interval between observations (the closer the time span between measurements, the higher the coefficient), age at first observation (the younger the child, the lower the coefficient), individual characteristics (gender, body size and composition, motor coordination, biological maturity status, functional characteristics, among others), 2, 4 cultural and environmental factors, and increased availability of sedentary behaviors which may influence attitudes toward and opportunities for PA. 5, 6 However, tracking studies of PA and PF in childhood have not ordinarily considered the potential role of motor coordination as a factor influencing both PA and PF.
Available methodologies to quantify tracking vary and depend on assumptions about the stability-instability of the relevant characteristics. 7 The current study considers the tracking of PA and PF from a different perspective in children 6 to 10 years. It attempts to move "back in time" to verify if children who were physically fit/ unfit or sedentary/very active at 10 years of age were also fit/unfit or sedentary/very active at 6 years. We attempted to identify the multivariate profile of growth status, PF and gross motor coordination (GMC) at 6 years relative to activity and fitness status at 10 years of age. It was anticipated that such information would provide educators with specific characteristics of children at 6 years age that may be classified as "at risk" later in childhood and by inference inform the need for the introduction of more efficient intervention programs earlier in childhood to ensure healthy levels of PA and PF in later childhood. This longitudinal study thus had 2 purposes: first, to describe the antecedents of growth, GMC, PA, health-and performance-related PF of children at 6 years of age relative to their aerobic fitness and PA at 10 years of age; and second, to explore the same characteristics at 6 years of age in children who are fit and active compared with those who are unfit and sedentary at 10 years.
Methods
The sample was selected from a mixed-longitudinal study of the growth status, PA, GMC, PF, biological maturation, body composition, and motivation for sport among Azorean (Portuguese) youth 6 to 19 years of age. A total of 1000 to 1200 subjects in 4 cohorts of 250 to 300 subjects were sampled and followed for 4 to 5 years (ie, cohorts followed from 6 to 10 years, 10 to 13 years, 13 to 16 years, and 16 to 19 years, respectively). 8 Subjects were resident on the 4 main Azores Islands: Faial, Pico, São Miguel, and Terceira, and represented about 99% of the total population of school children in the 9 islands comprising the Azores. Sampling within each island was random, and no differences were noted across the 4 islands. The objectives and procedures of the study were thoroughly explained to parents and their informed consent was obtained. The study was approved by the Government Board of Education, the Government Directorate of Sports, by the Director of different educational areas and ethically approved by the Faculty of Sport, University of Porto.
Sample
This study considers only 285 children of the first cohort: 142 girls and 143 boys (representing 24.6% of the overall sample). The children were observed initially at 6 years of age and were followed annually from 6 to 10 years (primary school). Drop-out was insignificant, < 10%. All measurements were taken annually in the fall during September and October by physical education teachers of each participating school. All teachers were previously trained and supervised by the principal investigators. All assessments were done in the schools using similar testing conditions and protocols. Within the Azorean school system, physical education is mandatory twice per week in primary school; voluntary programs for children ("sport little schools") are also available. The teachers and children are also used to physical fitness testing across all school years.
Anthropometry
Height was measured with a Siber-Hegner anthropometer and weight was measured with a Secca scale. Body Mass Index (BMI) was calculated. Approximately 30% of the sample was overweight and obese, based on criteria of the International Obesity Task Force. 35 This prevalence was consistent with observations for Portuguese children of the same age. 36 The triceps and subscapular skinfolds were measured with Holtain Calipers to the nearest millimeter. The sum of the 2 skinfold thicknesses was used as a proxy for subcutaneous fatness. The procedures described in Lohman et al 9 were used.
Physical Activity (PA)
PA was assessed with personal interview using the Godin and Shephard questionnaire, 10 which has been validated in children and youth. 11 The interview was conducted in a one-on-one setting and all questions were placed in the context of daily routines. Children reported the number of times/week that they spent in different activities for a period of at least 15 minutes. Three PA categories were considered: mild (3 METs)-activities such as easy walking, walking the dog; moderate (5 METs)-activities such as fast walking, miniature golf, tennis, jump rope, leisurely swimming; or strenuous (9 METs)-activities such as running, jogging, soccer, basketball, judo, roller skating, vigorous swimming. A total score was derived by multiplying the frequency of each category by the MET value and the products were summed. 10 A weekly physical activity = (3 × number of time in mild activities + 5 × number of times in moderate activities + 9 × number of times in strenuous activities) was derived.
Gross Motor Coordination (GMC)
GMC was assessed with the KTK test battery (Körper-Koordinationstest für Kinder) which has demonstrated validity in children 5 to 14 years of age. 12 The battery has been used in motor development research with normal and special children in Portugal. 8, 13 It included 4 items:
1. Balance-backward walking on balance beams with 3 different widths (3 cm, 4.5 cm, 6 cm). The number of successful steps was recorded 2. Hopping on 1 leg over an obstacle-the child hopped on 1 foot over a stack of foam squares; after a successful hop with each foot (the child clears the square without touching it and continues to hop on the same foot at least 2 times), the height was increased by adding a square (50 cm × 20 cm × 5 cm). The child had 3 attempts at each height and foot; the height of the final successful jump was recorded 3. Jumping from side to side-the child made consecutive jumps from side to side over a small beam (60 cm × 4 cm × 2 cm) as fast as possible for 15 seconds. The child was instructed to keep his/her feet together; the number of correct jumps was recorded 4. Shifting platforms-the child stood with both feet on 1 platform (25 cm × 25 cm × 2 cm supported on 4 legs 3.7 cm high) and held a second identical platform in his/her hands; the child then placed the second platform alongside the first and stepped on to it; the first box was then lifted and placed alongside the second and the child stepped on to it; the sequence continued for 20 seconds. For each successful transfer, from one platform to the other, 2 points were scored (one for shifting the platform, the other for transferring the body); the number of points in 20 seconds was recorded.
The sum of the scores on the 4 tests provided an overall indicator of GMC adjusted for age and sex, labeled a "motor quotient." Although the test items included specific components of motor performance (eg, dynamic balance, agility, and power), each test has a relatively complex task structure which differentiates them from more traditional performance-related test batteries. Further, the 4 items all loaded on a single factor. 12
Health-Related Physical Fitness
Health-related fitness was assessed with 4 items of the Fitnessgram 14 :
1. Aerobic capacity-1-mile run/walk (1609 m): the child ran/ walked this distance in the shortest time possible 2. Abdominal muscular strength and endurance-curl-ups: the child correctly performed as many curl-ups as possible 3. Trunk extensor strength-trunk lifts: lying in a prone position, the child lifted the trunk as much as he/she could 4. Upper body muscular strength and endurance-push-ups: the child correctly performed as many push-ups as possible.
Performance-Related Physical Fitness
Performance were placed, picked up 1 of the blocks, returned to the starting line, placed the block on the line, and then repeated route. The distance between departure and the line with the 2 little blocks is 9 m apart.
Quality Control
An in-field test-retest design was used for all variables during the first wave of data collection. A random sample of 24 children (8.5% of the total sample in the 6 to 10 year cohort) from the 4 islands was selected. Intraclass correlation coefficients (R) were as follows: 
Analysis
Exploratory and descriptive analyses were used to check for outliers and normality. Appropriate transformations were used to normalize distributions of BMI (square root), skinfolds (natural logarithm), PA (square root), and curl-ups, trunk lifts, and 1-mile run/walk (natural logarithms). Moving back in time was done as follows. In the first approach, children at 10 years of age were classified on the basis of PA and aerobic PF. Tertiles for PA were as follows: sedentary: up to 23 METs per week (PA < P33); moderate: from 23 to 42 METs per week (PA between P33 and P66); very active: > 42 METs per week (PA > P66). Tertiles for the 1-mile run were as follows: low fitness: subjects completed the test with a time > 13.4 minutes (> P66); moderate fitness: subjects who completed the test with a time between 10.6 minutes and 13.3 minutes (P66 to P33); high fitness: subjects who completed the test in < 10.5 minutes (< P33). Growth status, health-and performance-related PF, and GMC of children in each tertile at 10 years were then back traced to 6 years of age. In the second approach and using the same cut-offs as above, children who were classified as both fit and very active (aerobically fit and highly active) or as unfit and sedentary at 10 years of age were then back traced to 6 years to identify growth, health-and performancerelated PF and GMC profiles. ANOVA with Bonferroni adjusted P-values for post hoc multiple comparisons were used in the first, while t tests were used in the second analysis. Two nonparametric tests, Kruskal-Wallis and Mann-Whitney, were used for the pushup because its distribution was resistant to any transformation. All computations were done in SPSS 17.0. Significance levels were set at 5%.
Results
Descriptive statistics for growth status, GMC, PA and PF of children at 6 years of age as a function of aerobic fitness (1-mile run/ walk) at 10 years of age are shown in Table 1 . Low fit girls at 10 years had a higher BMI and sum of skinfolds at 6 years compared with fit girls. Low fit girls also performed poorer in agility, speed and push-ups compared with their fit peers, but comparisons with medium fit girls in agility and speed were variable. Medium and low fit girls at 10 years differed only in push-ups, agility shuttle-run, and 50-yard dash at 6 years, while medium and low fit girls at 10 years differed only on push-ups at 6 years.
Boys high and low in aerobic fitness at 10 years differed at 6 years of age in body weight, BMI and skinfolds (lower in high fit) and in GMC, 1-mile run-walk, push-ups, and agility (better in high fit). Performances in GMC, 1-mile run-walk, push-ups, and agility shuttle run at 6 years were also better in high fit than medium fit boys at 10 years, whereas PA, GMC, and indicators of PF at 6 years did not differ between medium and low fit boys at 10 years of age. High and medium fit boys at 10 years did not differ in growth status at 6 years, while medium and low fit boys at 10 years differed only in body weight (medium fit lower) at 6 years. The most physically fit boys at 10 years of age had lower body weight, BMI, and sum of skinfolds and higher GMC, and performed better in push-ups, 1-mile run/walk, and agility shuttle run than low fit boys at 6 years. High and medium fit boys at 10 years differed only in GMC, push-ups, 1-mile run/walk and agility shuttle run at 6 years, while medium and low fit boys at 10 years did not differ in growth status (except weight), GMC, PA, and PF at 6 years.
Corresponding comparisons at 6 years of age relative to PA status at 10 years of age are shown in Table 2 . GMC and performances in the curl-up, push-up and 50-yard dash at 6 years of age were poorer in girls classified as sedentary and high active at 10 years. Sedentary girls at 10 years of age had lower GMC and poorer performances in the curl-up, push-up and 50-yard dash compared with high active girls at 6 years. In contrast, only the 50-yard dash at 6 years of age was poorer in sedentary than moderately active girls at 10 years, while only push-ups at 6 years were lower in moderately than highly active girls at 10 years. Sedentary and moderately active girls at 10 years differed only in the 50-yard dash at 6 years, while moderately and very active girls at 10 years differed only in the push up at 6 years. Corresponding comparisons of boys at 10 years indicated thicker skinfolds, lower GMC, and fewer push-ups among sedentary than high active boys at 6 years of age. Other group comparisons of boys by PA level at 10 years indicated only poorer push-up performances among sedentary than moderately active boys and among moderately than highly active boys at 6 years of age. Sedentary boys at 10 years of age had a higher sum of skinfolds and lower GMC and did not perform as well in the push-up compared with high active boys at 6 years. Sedentary and moderately active boys at 10 years differed only in the push up at 6 years, the same was apparent between moderately and very active boys. Table 3 contrasts the growth status, GMC, PA, and PF at 6 years of children who were both aerobically fit and very active and who were both aerobically unfit and sedentary at 10 years of age. Unfit and sedentary girls at 10 years had lower GMC and poorer performances in curl-ups, 1-mile run/walk, agility shuttle-run, and 50-yard dash compared with the most active and fit girls at 6 years. Unfit and sedentary boys at 10 years had thicker skinfolds, lower GMC, and poorer performances in the 1-mile run/walk and 50-yard dash compared with boys active and fit at 6 years of age.
Discussion
This study compared the growth, GMC, PA, and PF characteristics of children at 6 years of age relative to their aerobic fitness and PA at 10 years and also compared contrasting aerobic fitness and PA groups. Children with lower aerobic fitness at 10 years of age were fatter than peers with high aerobic fitness at 6 years (Table  1) . Presumably the children with higher subcutaneous fat at 6 years had certain nutritional and perhaps sedentary behaviors that persisted to 10 years which may have contributed, in part, their lower aerobic fitness. Portuguese schoolchildren of both sexes with lower cardiorespiratory fitness were more likely to be fatter. 16, 17 The trend suggests a need for early interventions starting in the preschool years to prevent excess weight gain which persists into childhood. Of relevance, elevated fatness is associated with indicators of metabolic risk in childhood and adolescence and also with increased risk for the development of cardiovascular disease and metabolic complications through adulthood. 18, 19 In contrast to elevated fatness, the situation for indicators of health-and performance-related PF was not as clear (Table 1) . Girls with low aerobic fitness at 10 years of age performed poorly in push-ups and had lower agility and speed at 6 years. The difference in GMC at 6 years of age between low and high aerobically fit girls at 10 years of age was of borderline significance (P = 0,055).
Boys with low aerobic fitness at 10 years had lower GMC and did not perform as well as high fit boys in push-ups, agility shuttle-run and 1-mile run/walk. The results suggested that children who were less fit at 6 years of age had lower aerobic fitness (1-mile run/walk) at 10 years, which indicated persistence of an unfit profile through childhood. 1, 3 The results suggested that unfit and/or sedentary behaviors were seemingly entrenched early in childhood and were seemingly more resistant to change than active behaviors during middle childhood.
Comparison at 6 years of age conditioned on PA status at 10 years also showed that very active girls and boys at 10 years had a higher level of GMC. Very active girls at 10 years of age also had better performances in curl-ups, push-ups, and 50-yard dash at 6 years of age. In contrast, a 4 year follow-up study 20 of older French children from 11 to 15 years did not observe a relationships between PA and performance-and health-related physical fitness (standing long jump, agility shuttle run, grip strength, sit and reach, sit-ups) (ie, children who were very active at follow-up did not necessarily perform better). The authors 20 suggested that PA may have less influence on performance-related PF than on physiological characteristics. Given the age range of the sample (11-15 years), it was also possible that potential relationships with PA were confounded by individual differences in the timing of the adolescent growth spurt. Several fitness tests have their own adolescent growth spurts that differ in timing relative to the growth spurt in stature, and this individuality of growth and the timing of maturation is independent of PA. 21, 22 The potential of proficiency in performance-related PF in facilitating opportunities for PA was not considered.
Only very active girls at 10 years in the current study had better performances in curl-ups, push-ups and 50-yard dash at 6 years of age ( Table 2 ). The results for childhood among girls also contrasted those for French adolescents 11 to 15 years, 20 among whom very active children of both sexes had better performances in all fitness tests, except handgrip and sit and reach compared with sedentary children.
Results of the current study were generally similar when the antecedents of growth, GMC, PA and PF at 6 years of age among children who were both aerobically fit and physically active and those who were aerobically unfit and sedentary at 10 years were compared. Children in the extreme groups did not differ in height, weight, BMI, and PA at 6 years, but the fit and active children had better GMC at 6 years. Aerobically fit and active girls performed better in 2 health-related (curl-ups, 1-mile run/walk) and performance-related (agility shuttle run, 50-yard dash) items at 6 years than unfit and inactive girls, while fit and active boys had thinner skinfolds and performed better in the 1-mile run/walk and 50-yard dash at 6 years compared with unfit and inactive boys (Table 3) .
Children who were unfit and sedentary at 10 years had poorer performances in several PF tests at 6 years (girls: curl-ups, 1-mile run/walk, agility shuttle run, and 50-yard dash; boys: 1-mile run/ walk and 50-yard dash), which suggested stability of an unfit/sedentary profile across the study interval at least in these test items.
Results of the present analysis were generally consistent with available epidemiological data, 5, 6, 23 allowing for variation in samples, age groups, time-span, test items, and statistical approaches. The data suggested, in general, that habits of an unfit/inactive lifestyle established during childhood can persist through childhood into adolescence and perhaps into adulthood.
The 3 comparisons among Azorean children highlighted the importance of GMC. Boys and girls in the upper tertile of aerobic fitness (Table 1 ) and in the upper tertile of PA (Table 2 ) at 10 years, and boys and girls who were both aerobically fit and very active at 10 years (Table 3) , had significantly better levels of GMC at 6 years of age compared with peers in the respective comparison groups at 10 years (low aerobic fitness, low physical activity, and low aerobic fitness and physical activity). The differences in GMC in girls classified by aerobic fitness approached statistical significance. The results thus suggested an important role of motor coordination in behaviors influencing aerobic fitness and PA later in childhood. Consistent with these observations, several recent studies have indicated a relationship, albeit moderate, between proficiency in movement skills and PA [24] [25] [26] and PF. 27, 28 PA and aerobic fitness are in part associated with the development of proficiency in basic movement skills, which makes sense since movement is the substrate of PA behaviors. Accordingly, adequate levels of GMC contribute directly to enjoyable and successful participation in PA, which in turn may influence subsequent PA behaviors and aerobic fitness during childhood. On the other hand, limited proficiency in GMC may serve as a constraint to PA behaviors which may negatively influence aerobic fitness.
Results for the BMI and sum of skinfolds were variable. Boys and girls high in aerobic fitness at 10 years had a lower BMI and thinner skinfolds at 6 years compared with boys and girls low in fitness (Table 1 ). In contrast, boys and girls high in PA at 10 years did not differ in the BMI at 6 years compared with boys and girls low in PA, while only boys high in PA had significantly thinner skinfolds at 6 years than boys low in PA ( Table 2 ). The same trend was apparent in the comparisons of youth high in both aerobic fitness and PA at 10 years of age. Boys and girls high in both characteristics at 10 years did not differ in the BMI at 6 years compared with boys and girls low in fitness and PA at 10 years, while only boys high in both fitness and PA at 10 years had thinner skinfolds at 6 years of age.
Results of the 3 contrasts in the current study, though somewhat variable, were generally consistent with the literature. Children who were regularly active tended to have lower levels of estimated fatness (skinfolds, percentage fat), but data for BMI were variable. 29 Nevertheless, limited longitudinal data indicated smaller gains in the BMI in physically active youth, 30 while more active children between 4 and 11 years had less fatness in early adolescence and perhaps a later adiposity rebound. 31 By inference, maintenance of smaller gains in subcutaneous fat over time through PA may prevent unhealthy weight gain and in turn may reduce the risk of overweight and/or obesity. In the current study, only aerobically fit girls at 10 years, but aerobically fit, highly active, and both fit and active boys at 10 years of age had a lower sum of skinfolds at 6 years compared with boys with low aerobic fitness, low PA, and both low fitness and PA, respectively.
The current study has several limitations. First, the estimate of PA was based on a questionnaire which is not always optimal given the difficulty of children to recall and quantify their activities. However direct interviews were used and high reliability values have been reported with the same questionnaire in children of different geographical regions in Portugal. [32] [33] [34] Second, assessing aerobic fitness in children is a difficult task and it would be appropriate to use direct laboratory measures or perhaps a more aerobically taxing test than the 1-mile run/walk. This would, however, be very difficult to implement in field studies on the 4 islands not only for financial and technical reasons but also for practicality. Third, although it is not expected that children from Azorean islands are different from those of mainland Portugal, the generalization of the results to the mainland and to other areas should be done with care. Subtle differences in lifestyle, environments, and other factors may influence GMC, PA, and PF. The statistical methodology may also be a limitation; all of the available information of the 5 data waves was not used. Although complex and sophisticated longitudinal mixed models and/or latent class analysis could have been used with time invariant and time-varying predictors such as body composition variables, the differential approach used in the present report based on t tests and ANOVAs was well suited for the main purposes.
Allowing for limitations, several strengths of the study should be noted. A longitudinal approach provides a better understanding of changes in variables over time. The interval from 6 to 10 years is sensitive for the refinement of movement skills and development of appropriate behaviors that may persist into adolescence and adulthood. The different analytical and comparative perspectives of tracking between 6 and 10 years also permitted evaluation of growth, GMC, PA, and PF characteristics of children relative to different levels of aerobic fitness and PA.
In summary, children with either high aerobic fitness or with high PA at 10 years of age appeared to have a more favorable profile at 6 years compared with those with low fitness or low activity, respectively. Moreover, fit and active children at 10 years of age showed a more positive profile and were more coordinated in motor skills and physically fit than unfit and sedentary children at 6 years. The findings highlight the need for school interventions to focus not only on PA but also on PF and GMC. All 3, PA, PF, and GMC, interacting with each other may have a positive influence on the overall health of children. High aerobic fitness and high PA are negatively associated with several metabolic and cardiovascular risk factors during childhood. The results highlight the importance of GMC as a correlate of PA and PF and through PA and PF an indirect correlate of metabolic and cardiovascular health in childhood.
